what is Claimed: 



1. A recombinant hepatitis B vi/rus core 
(HBc) protein chimer molecule with a length of about 
140 to about 310 amino acid residues that contains 
four peptide-linked amino acid residuer sequence 
domains from the N- terminus that are /denominated 
Domains I, II, III and IV, wherein 

(a) Domain I comprises ajSout 71 to about 85 
amino acid residues whose sequence includes at least 
the sequence of the residues of position 5 through 
position 75 of HBc ; 

(b) Domain II comprises about 18 to about 
58 amino acid residues peptide -bonded to residue 75 
of which (i) a sequence of HBc is present from HBc 
positions 76 through 85 arid (ii) a sequence of 8 to 
about 48 residues that constitute a B cell epitope of 
the circumsporozoite protein of a species of the 
parasite Plasmodium than: is peptide -bonded between 
the HBc residues of positions 78 and 79; 

(c) Domain/lII is an HBc sequence from 
position 86 through/position 135 peptide-bonded to 
residue 85; and 

d) Doma/in IV comprises (i) zero to fourteen 
residues of a HBc amino acid residue sequence from 
position 136 through 149 peptide-bonded to the 
residue of pos/Ltion 135 of Domain III,, (ii) zero to 
three cysteine residues, (iii) fewer than three 
arginine or lysine residues, or mixtures thereof 
adjacent to/each other, and (iv) up to 100 amino acid 
residues in a sequence heterologous to HBc from 
position yso to the C- terminus, with the proviso that 
at least five amino acid residues are present of the 
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amino acid residue sequence from position 136^through 
14 9, when (a) zero cysteine residues are px?6sent and 
(b) fewer than about five heterologous am/no acid 
residues are present . 

2. The recombinant HBc chinfer protein 
molecule according to claim 1 presenjz as self- 
assembled particles , 

3. The recombinant HBc/chimer protein 
molecule according to claim 1 wherein said B cell 
epitope comprises two to about five repeats of a 4 to 
about 11 amino acid residue sequence. 

4 . The recombinant HBc chimer protein 
molecule according to clairrr 3 wherein said Pla.smodium 
species is fa.lcipa.rum. 

5 . The recomlzJinant HBc chimer protein 
-molecule according to ^claim 3 wherein said Plasmodium 
species is viva-x:. 

6 . The recombinant HBc chimer protein 
ing^ to c 

consists essentia^Lly of the HBc sequence from 
position 1 through position 75. 



7 . /The recombinant HBc chimer protein 
molecule accc/rding to claim 1 wherein Domain II 
independent 3/y includes zero to three peptide-bonded 
residues oiy either side of said B cell epitope that 
are other /than those of HBc or said B cell epitope, 
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8 . The recombinant HBc chimer proteiri 
molecule according to claim 1 wherein said seouence 
heterologous to HBc at position 150 to the c/terminus 
of Domain IV comprises an amino acid residi/e sequence 
that constitutes a T cell epitope of the ysame species 
of Plasmodium as said B cell epitope. / 

9. A recombinant hepatiti^ B virus core 
(HBc) protein chimer molecule with ya sequence of 
about 155 to about 235 amino acid/residues that 
contains four peptide -linked dorp^ains from the N- 
terminus that are denominatedyDomains I, II, III and 
IV, wherein / 

(a) Domain I consists essentially of a 
sequence of residues 1 thi/ough 75 of HBc ; 

(b) Domain II As about 18 to about 46 
residues in length of Which (i) 10 residues are 
present in a sequence/of HBc at positions 76 to 85 
and (ii) a sequence yof 8 to about 36 residues that 
constitute a B eel/ epitope of the circumsporozoite 
(CS) protein of Plasmodium falciparum or Plasmodium 
vivax: that is peptide -bonded between the residues of 
positions 78 afhd 19, said B cell epitope being 
comprised of /two to about five repeats of an amino 
acid residue sequence, said Domain independently 
including /zero to three peptide-bonded residues on 
either side of said B cell epitope that are other 
than those of HBc or said B cell epitope; 

/ (c) Domain III consists essentially of the 
HBc sequence from position 86 through position 135; 
and / 

/ d) Domain IV comprises a sequence of HBc 

from residue 136 through 140 peptide-bonded to the 
r^esidue of position 135 of Domain III and (i) zero to 
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nine residues of a HBc amino acid residue seQi^ei?lce 
from position 141 through 149, (ii) zero to/three 
cysteine residues, (iii) fewer than three/arginine or 
lysine residues, or mixtures thereof adjacent to each 
other, and (iv) up to 50 amino acid residues in a 
sequence that constitutes a T cell epitope of the 
same species of Plasmodium as said/ B cell epitope 
peptide -bonded to the final HBc ^mino acid residue 
present in the chimer. 

10. The recombinant HBc chimer protein 
molecule according to claimi 9 wherein Domain IV 
comprises one amino acid/ residue to a sequence of 
about nine amino acid Residues of the HBc sequence 
from residue positioia 141 through about position 149 
pept ide-bonded to ^^^sidue 140. 



11. /The recombinant HBc chimer protein 
molecule according to claim 10 wherein Domain IV 
consists essentially of a sequence of nine amino acid 
residues the HBc sequence from residue position 
141 throvigh position 149 peptide-bonded to residue 
140 . 

12 . The recombi/dant HBc chimer protein 
mol/ecule according t^cS"y^a.±m 9 wherein the repeated 



sequence of said 
/ID NO: 152 and SE^ 




tope of Domain II is SEQ 



13 . The recombin^^iffc HBc chimer protein 
molecule according to c^im 9 wherein the repeated 
sequence of said B^^^ll epitope of Domain II is Asn- 
Ala-Asn-Pro . 



14 . The recombinant HBc chimer proteii 
molecule according to claim 13 wherein the reo^^ted 
sequence of said B cell epitope of Domain Il/is 
repeated three or four times 

15. The recombinant HBc chimer protein 
molecule according to claim 14 whereiii the repeated 
sequences are peptide-bonded to eaclj/other without 
interruption . 

16. The recombinant >6bc chimer protein 
molecule according to claim ys wherein said B cell 
epitope includes a second C& protein sequence from 
the same Plasmodium speclfs that is peptide-bonded to 
said repeated sequence. 

17. The re/^ombinant HBc chimer protein 
molecule according JKo claim 16 wherein said second CS 
protein sequence ife Asn-Val-Asp-Pro . 

18. /The reconp2a.nant HBc chimer protein 
molecule accordinjf^^tV/claim 17 wherein said second CS 
protein sequenc;^ i^>^eptide -bonded at the carboxy- 
terminus of said/^repe^^.fe'^ sequence, 

19. The recombinant HBc cj^drfaer protein 
molecule according to claim 17 >?Kerein said second CS 
protein sequence is pepti dp-bonded at the amino- 
terminus of said repea^t^d sequence. 



20. yfhG recombinant HBc chimer protein 
molecule ac^eibrding to claim 16 wherein said second CS 
protein^^equence is SEQ ID NO:126 (Asn-Ala-Asn-Pro- 
Asn-V^ -Asp-Pro) . 
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21. The recombinant HBc chimer protein 
molecule according tc/ claim 20 wherein said ^cond CS 
protein sequence ±sr peptide-bonded at the c^boxy- 
terminus of said /repeated sequence. 

22 . The recombinant HBc chimed protein 
molecule according to claim 20 wherein ^aid second CS 
protein sequence is peptide-bonded at /the amino- 
terminus of said repeated sequence 

23 . The recombinant HBg/ chimer protein 
molecule according to claim 10 wherein one to three 
cysteine residues are present ija Domain IV. 

24 . The recombinai>t HBc chimer protein 
molecule according to claim/23 wherein said one to 
three cysteine residues ar^ present in said T cell 
epitope 



25. The recyombinant HBc chimer protein 

molecule according tcV claim 24 wherein said T cell 

epitope is present ^nd has the sequence of SEQ ID NO: 
148 or 25. 



26 




e recombinant HBc chimer protein 



molecule according to claim 9 present as self- 
:/icl( 



assembled part 



_es , 



. Particles comprised of recombinant 
hepatitis p virus core (HBc) protein chimer 
molecules/ said molecules having a sequence of about 
155 to about 23 5 amino acid residues that contains 
four peptide -linked amino acid residue sequence 
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domains from the N- terminus that are denominated 
Domains I, II, III and IV, wherein / 

(a) Domain I comprises about 71/ to about 85 
amino acid residues whose sequence incluloes at least 
the sequence of the residues of position 5 through 
position 75 of HBc; / 

(b) Domain II comprises about 18 to about 
58 amino acid residues peptide-bondea to residue 75 
of which (i) a sequence of HBc is present from HBc 
positions 76 through 85 and (ii) a/sequence of 8 to 
about 4 8 residues that constitute/ a B cell epitope of 
the circumsporozoite protein of A species of the 
parasite Plasmodium that is peptide -bonded between 
the HBc residues of positions /78 and 79; 

(c) Domain III is aLn HBc sequence from 
position 86 through position 135 peptide-bonded to 
residue 85; and / 

d) Domain IV coFtiprises (i) zero to fourteen 
residues of a HBc amino Acid residue sequence from 
position 136 through 14/9 peptide-bonded to the 
residue of position lys of Domain III, (ii) zero to 
three cysteine residyes, (iii) fewer than three 
arginine or lysine residues, or mixtures thereof 
adjacent to each o/her, and (iv) up to 50 amino acid 
residues in a sequence heterologous to HBc from 
position 150 to the C-terminus, with the proviso that 
at least five airiino acid residues are present of the 
HBc amino acid/ residue sequence from position 136 
through 14 9 when (a) zero cysteine residues are 
present and Ah) fewer than about five heterologous 
amino acid residues are present. 




28. The particles according t</ claim 27 
whose HBc chimer protein molecules hav^ a sequence 
length of about 165 to about 210 amino acid residues 

29. The particles according to claim 27 
wherein said B cell epitope corosists essentially of 
two to about five repeats of /a 4 to about 11 amino 
acid residue sequence. 

30. The particles according to claim 29 
therein said Plasmodiy/m species is falciparum. 



3 1 . The *^p 
wherein said Plasmo 




les according to claim 29 
ies is vivax. 



32. The particles according to claim 27 
wherein Domain I consists essentially ofr the HBc 
sequence from position 1 through posd/cion 75. 



33. The particles acc26rding to claim 27 
wherein Domain II independent/iy includes zero to 
three peptide-bonded residja^s on either side of said 
B cell epitope that are yOther than those of HBc or 
said B cell epitope. 



34. Th/6 particles according to claim 27 
wherein said sequence heterologous to HBc at position 
150 to the C-/terminus of Domain IV comprises an amino 
acid residyre sequence that constitutes a T cell 
epitope of the same species of Plasmodium as said B 
cell epatope. 



35. Particles comprised of recombinant 
^patitis B virus core (HBc) protein chimer 
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molecules, said molecules ha^/±ng a sequence of about 

165 to about 210 amino acid residues that contains 

four peptide-linked amino acJid residue sequence 

« / 

domains from the N- terminus /that are denominated 
Domains I, II, III and IV, /wherein 

(a) Domain I con/sists essentially of a 
sequence of residues 1 through position 75 of HBc; 

(b) Domain II comprises about 18 to about 
46 amino acid residues peptide -bonded to residue 75 
of which (i) 10 residues are present in a sequence of 
HBc from position 76 Wirough 85 and (ii) a sequence 
of 8 to about 36 residues that constitute a B cell 
epitope of the circumsporozoite (CS) protein of 
Plasmodium falciparum or Plasmodium v^ivax that is 
peptide -bonded between the residues of HBc positions 
78 and 79, said B/cell epitope being comprised of two 
to about five repeats of an amino acid residue 
sequence, said Domain independently including zero to 
two peptide-bonaed residues on either side of said B 
cell epitope that are other than those of HBc or said 
B cell epitope; 

(c) / Domain III consists essentially of the 
HBc sequence/ from position 86 through position 13 5 
peptide -bonded to residue 85; and 

If) Domain IV comprises the HBc sequence of 
residues 1B6 through 140 peptide -bonded to the 
residue of position 135 of Domain III and (i) zero to 
nine residues of a HBc amino acid residue sequence 
from posj/tion 140 through 149 peptide -bonded to the 
residue of position 140, (ii) zero to three cysteine 
residues, (iii) fewer than three arginine or lysine 
residues, or mixtures thereof adjacent to each other, 
and ^^^^ amino acid residues in a sequence 

that constitutes a T cell epitope of the same species 
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of Plasmodium as said B cell epitope, s^id T cell 
epitope sequence being peptide -bonded^ to the final 
HBc amino acid residue present in a/chimer molecule 
or a cysteine residue, 

36. The particles a<5cording to claim 35 
wherein Domain IV comprises omB to a sequence of nine 
amino acid residues of the A.Bc sequence from residue 
position 141 through position 149 linked between 
residue 140 of said Domsfin III sequence and a 
Plasmodium falciparum/oic Plasmodium vivax T cell 
epitope . 



37. ThA particles according to claim 36 
wherein the ninor amino acid residues of the HBc 
sequence from ^residue position 141 through position 
14 9 are presem.t . 



^38. The particles according to claim 35 
wherein the repeat^4 jf^quGp^G of said B cell epitope 
of Domain II is SEK^ Ili^O : 152 and SEQ ID NO: 153 

39. The particles according tOx<^laim 35 
wherein the repeated sequence of said^^.^^ cell epitope 
of Domain II is Asn-Ala-Asn-Pro, ID NO: 184. 

40. The particle^ according to claim 39 
wherein the repeated sej^ence of said B cell epitope 
of Domain II is repeaxed three or four times . 





41. /The particles according to claim 40 
wherein the^fepeated sequences are pept ide-bonded to 
each other without interruption. 



42. The particles according to claim 41 
wherein said B cell epitope includes a second CS 
protein sequence from the same Plasmodium species 
that is peptide-bonded to saiid repeated sequence. 



I / 43. The partio3!es according to claim 42 

/ ywherein said second CS ^^otein sequence is Asn-Val 




Asp -Pro; SEQ ID N0:18i 




icles according to claim 43 
tein sequence is peptide 
"^^terminus of said repeated 



45. The particles accordya<^ to claim 43 
wherein said second CS protein se^ence is peptide 
bonded at the amino- terminus jsrr said repeated 
sequence . 

46. The^^rticles according to claim 42 
wherein said secx:md CS protein sequence is SEQ ID 

to: 126 (Asn-^-JTa-Asn-Pro-Asn-Val-Asp-Pro) . 




4 7 . The 
wher^n said s 
bonded at the 
sequence . 




es according to claim 46 
quence is peptide 
rmijaas of said repeatec 



48. The particles acco^::ding to claim 46 
/herein said second CS protein/sequence is peptide 
bonded at the amino- termin\,vs of said repeated 
sequence . 
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49. The particles according/to claim 35 
wherein said B cell epitope of Plasmodium falciparum 
has an amino acid residue sequence/ selected from the 
group consisting of SEQ ID NOs:l/l4. 



50. The 
wherein said B 
an amino acid/re 
group consis 




cles/according to claim 3 5 

of Plasmodium vivax has 
quence selected from the 
I SEQ ID NOs: 15-21 



51. The particles according to claim 35 
wherein said T cell epitope of/ Plasmodium falciparum 
is present and has the amin^/ acid residue sequence of 
SEQ ID NO:24 . 



wherein sa 
present 
SEQ ID 




articles according to claim 35 
ell epitope of Plasmodium vivax is 
ino acid residue sequence of 



53. The particles accorid^ng to claim 36 
further including one to three jzysteine residues in 
the Domain IV sequence . 



54 . The partifaO.es according to claim 53 
having one cysteine re^due in the Domain IV 
sequence . 



55. T^fie ^ 
wherein said one 
residue of said 




es according to claim 54 
3,s the carboxy- terminal 
molecules. 



56. Particles comprised of recombinant 
i/epatitis B virus core (H©c) protein chimer 




molecules, said molecules having a sequence of about 
165 to about 210 amino acid residues that contain 
four peptide-linked domains from the N-terminus that 
are denominated Domains I, II, III /and IV, wherein 

(a) Domain I consists essentially of a 
sequence of residues 1 through position 75 of HBc; 

(b) Domain II comprises about 18 to about 
46 amino acid residues peptide-bpnded to residue 75 
of which (i) 10 residues are present in a sequence of 
HBc from position 76 through 83 and (ii) a sequence 
that constitutes a B cell epioope of the 
circumsporozoite (CS) protein/ of Plasmodium 
falciparum or Plasmodium vivAx is peptide -bonded 
between the residues of HBc /positions 78 and 79, said 
B cell epitope being selected from the group 
consisting of SEQ ID NOs:l721, said Domain II 
including two peptide -bondfed residues on either side 
of said B cell epitope that are other than those of 
HBc or said B cell epitope; 

(c) Domain III/ consists essentially of the 
HBc sequence from position 86 through position 135 
peptide bonded to residue 85; and 

d) Domain iv/ comprises the sequence of HBc 
residues 136-140 peptide-bonded to residue 135 plus 
one to nine residues /of a HBc amino acid residue 
sequence from positdyon 141 through 149 peptide-bonded 
to the residue of position 140 and also peptide- 
bonded to a Plasmodium falciparum or Plasmodium vivax 
T cell epitope of /a sequence of up to about 25 amino 
acid residues that includes a cysteine residue. 

57. /The particles according to claim 56 
wherein Domain/ IV comprises nine amino acid residues 
of the HBc sequence from residue position 141 through 
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position 149 bonded between said residu>^ 140 and said 
Plasmodium falciparum or Plasmodium v/vax T cell 
epitope. 



58. The particles accafrding to claim 57 
wherein said B cell epitope is yof the CS protein of 
Plasmodium falciparum that is/selected from the group 
consisting of SEQ ID N0s:l-V4 and said Plasmodium 
falciparum T cell epitope yhas the amino acid sequence 
of SEQ ID NO: 24 

59. The partip^s according to claim 57 
wherein said B cell ^?5itope is of the CS protein of 
Plasmodium vj^^^a)c Jfeftat is selected from the group 
consistii><1 of^EQ ID N0^^5-21 and said Plasmodium 
vivaK ceJ/L epitppe has the amino acid sequence of 
SEQ II 



60. A vaccine or inoculum comprising an 
immunogenic effective amount immunogi^ic particles 
dissolved or dispersed in a pharm^eutically 
acceptable diluent, wherein saioT immunogenic 
particles are comprised of a x)lurality of recombinant 
chimeric hepatitis B core (^fBc) protein molecules 
having a length of about yi4 0 to about 310 amino acid 
residues that contain four peptide-linked amino acid 
residue sequence doma^^^ns from the N- terminus that are 
denominated Domains/l, II, III and IV, wherein 

(a) Doman_n I comprises about 71 to about 85 
amino acid resides whose sequence includes at least 
the sequence the residues of position 5 through 
position 75 (z5f HBc; 

)) Domain II comprises about 18 to about 
58 amino y&cid residues peptide -bonded to residue 75 
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of which (i) a sequence of HBc is present! from HBc 
positions 76 through 85 and (ii) a seque/ice of 8 to 
about 48 residues that constitute a B oell epitope of 
the circumsporozoite protein of a spec/ies of the 
parasite Plasmodium that is peptide-h(onded between 
the HBc residues of positions 78 and 79; 

(c) Domain III is an HBc sequence from 
position 86 through position 135 peptide -bonded to 
residue 85; and / 

d) Domain IV comprises /(i) zero to fourteen 
residues of a HBc amino acid res/due sequence from 
position 136 through 149 peptidie -bonded to the 
residue of position 135 of Domain III,, (ii) zero to 
three cysteine residues, (iiiT) fewer than three 
arginine or lysine residues./ or mixtures thereof 
adjacent to each other, and (iv) up to 100 amino acid 
residues in a sequence heterologous to HBc from 
position 150 to the C- terminus, with the proviso that 
at least five amino acLa residues are present of the 
amino acid residue seQuence from position 13 6 through 
149, when (a) zero cysteine residues are present and 
(b) fewer than aboutf five heterologous amino acid " 
residues are present. 

61. 'Lhe vaccine or inoculum according to 
claim 60 whereioi said immunogenic particles are those 
according to crlaim 37, 

62, The vaccine or inoculum according to 
claim 60 wMerein said immunogenic particles are those 
according /to claim 40. 



63 . The vaccine or inoculum according to 
claim 60 wherein said immunogenic jparticles are those 
according to claim 42 . 

64 . The vaccine Q?f inoculum according to 
claim 60 wherein said immunogenic particles are those 
according to claim 57 



65. The vaccine or inoculum according to 
claim 60 wherein s^id immunogenic particles are those 
according to clai4n 58 



66 

claim 60 whe 
according 




ine or inoculum according to 
immupjogenic particles are those 




67. The vaccinp'^r inoculum according to 
claim 60 that is adapted for parenteral 
adjjiar^istration . 

68 . A nucleic aci^ that encodes a 
recombinant HBc protein molecule according to claim 
1, or a variant, analog yor complement thereof. 



69. A nuc/Leic acid that encodes a 
recombinant HBO'^'p^raJs^ein molecule according to claim 
9, or a vari^Tityy^alog or complement thereof, 



A recombinarirt nucleic acid molecule 
that co/tip^ses a ^^cj^^or: operatively linked to a 
nucleicKvacid s^^ment defining a gene that encodes a 
recombi^nant HBc protein molecule according to claim 
1, 02/ a varient, analog or complement thereof, and a 
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promoter suitabre for driving the expression of the 



gene in a compatible ho 

71. A recomb 
that comprises a vector 
nucleic acid segment del 
recombinant HBc protein 
9, or a varient, analog 
promoter suitable for d 



t organism. 

ilnant nucleic acid molecule 
operatively linked to a 
ining a gene that encodes a 
molecule according to claim 
or complement thereof, and a 
iving the expression of the 



gene in a compatible hojst organism. 

72 . A host crell transformed with a 
recombinant nucleic acfd molecule according to claim 
70 . 

73 . The transformed host cell according to 
claim 72 wherein said/host cell is selected from the 
group consisting of El coli, S. typhi, S. typhimurium 
and a S. typhiinu,KLuin-te/ coli hybrid. 



74 

recombinant /nuc 
71 . 



A hdsyfc cell transformed, with a 
leicB^/acid molecule ^arccording to claim 



jformed host cell according to 
claim 74 wh^^&&±»^a.±d host cell is selected from the 
group consisting ®f E. coli, S. typhi, S. typhimurium 
and a S. typhimunium-E . coli hybrid. 
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